Summary

21
The periparturient period is one of the most critical periods in the productive life of a dairy 22 cow, and is the period when dairy cows are most susceptible to developing new 23 intramammary infections (IMI) leading to mastitis. Acute phase proteins (APP) such as 24 haptoglobin (Hp), mammary associated serum amyloid A3 (M-SAA3) and C-reactive protein 25 (CRP) have been detected in milk during mastitis but their presence in colostrum and milk in 26 the immediate postpartum period has had limited investigation. The hypothesis was tested 27 that APP are a constituent of colostrum and milk during this period. Enzyme linked 28 immunosorbent assays (ELISAs) were used to determine each APP's concentration in 29 colostrum and milk collected daily from the first to tenth day following calving in 22 30
Holstein-Friesian dairy cows. Haptoglobin was assessed in individual quarters and composite 31 milk samples while M-SAA3 and CRP concentration were determined in composite milk 32 samples. Change in Hp in relation to the high abundance proteins during the transition from 33 colostrum to milk were evaluated by 1 and 2 dimension electrophoresis and western blot. In 34 80% of the cows all APPs were detected in colostrum on the first day following parturition at 35 moderately high levels but gradually decreased to minimal values in the milk by the 6 th day 36 after calving. The remaining cows (20%) showed different patterns in the daily milk APP 37 concentrations and when an elevated level is detected could reflect the presence of IMI. 38 Demonstration that APP are present in colostrum and milk following parturition but fall to 39 low levels within 4 days means that elevated APP after this time could be biomarkers of post 40 parturient mastitis allowing early intervention to reduce disease on dairy farms. 41 6 was approved by the ethics committee of the University of Glasgow, School of Veterinary 115
Medicine. 116
Acute phase protein assays 117
Haptoglobin; Purified rabbit anti-bovine haptoglobin IgG (Life Diagnostic Inc., West Chester, 118 USA) was conjugated to alkaline phosphatase (ALP) (Innova biosciences) according to the 119 manufacturer's instructions. Sandwich ELISA procedure was carried out as described by 120 Thomas et al. (2015) . 121
Mammary associated serum amyloid A3: Tridelta Development Ltd supplied the Phase™ 122
Range SAA ELISA kit (sandwich ELISA kit for measuring multispecies SAA, Phase™ 123
Range by Tridelta Development Ltd (Kildare, Ireland) and performed as described in Thomas 124 et al. (2015) . 125 C-reactive protein: Cow C-reactive protein (CRP) ELISA kits for assay of milk CRP were 126 supplied by the Life Diagnostics Inc. (West Chester, USA). The assay was based on a solid 127 phase sandwich ELISA format, and comprised of primary anti-bovine CRP antibodies 128 immobilized to the wells of a 96-well microtitre plate and secondary antibodies against the 129 anti-bovine CRP conjugated to horse radish peroxidase (HRP) and performed as described in 130 Thomas et al. (2015) . 131
& 2 Dimensional Gel Electrophoresis 132
Daily composite milk samples (day 1 to 10) of calving cows were run on 1DE SDS PAGE as 133 described by Braceland et al. (2014) to identify changes in the high abundance proteins of 134 milk. Day 1 sample (colostrum) and day 10 milk were each resolved on 2DE SDS PAGE as 135 described by Braceland et al. (2013) to further depict the transition from colostrum to milk. 136
Quarter samples from a cow that showed irregular fluctuation in APP content in the days post 138 calving, were examined by Hp western blotting following 1DE. 139
Briefly, 1DE was carried out as described above after which the proteins on the gels were 140 blotted onto a nitrocellulose membrane (NCM) as described in Braceland et al. (2014) using 141
IgG fraction of rabbit anti-bovine Hp conjugated to alkaline phosphate (Thomas et al. 2015) 142 for incubation and Pierce™ NBT/BCIP (Thermo Scientific, UK) to develop the colour of Hp 143 bands (Braceland et al. 2014) . 144
Statistical analyses 145
Tests for normality were carried out on all APP data using the Kolmogorov-Smirnov and 146
Shapiro-Wilk tests along with normal probability plots and quantile-quantile (Q-Q) plots and 147
Spearman's rho test was used to assess the correlation between the 3 APP using the statistical 148 package for social sciences (SPSS) software version 21 (IBM SPSS, Portsmouth, UK). The 149 daily milk sample APP concentrations were found to be not normally distributed and A non-150 parametric test (Mann Whitney) was employed to determine the days after parturition that the 151 composite milk APP became significantly different from values in milk collected on day 10 152 using Minitab 17, Minitab Ltd., Coventry UK. A P-value of <0.05 was considered 153 significant. 154
155
Results and Discussion 156
The investigation of the APP in colostrum as it changed to milk has found APP are present in 157 colostrum but within a few days their concentration is reduced to minimal levels. To put this 158 in context of the concurrent changes in high abundance milk proteins, Figure 1 in individual colostrum/milk after calving fell from 13.5 µg/ml on day 1 to 4.9 µg/ml on day 175 4 and thereafter remained at 3-4 µg/ml until day 10. When examining the individual quarter 176 milk samples this pattern was followed in 63 out of the 84 quarters (75 %) examined. In 8 of 177 the quarter milk samples the Hp was >200 µg/ml on day 1 to 4 which would be equivalent to 178 levels found in milk from quarters with IMI caused by Escherichia coli or Arcanobacterium born. On the other hand, it may be due to the stress induced by parturition and its effects 246 extending to the mammary gland. It was found that the major pattern observed for these APP 247 during the post-partum period, followed a similar trend to that observed for milk somatic cell 248 counts (SCC) in the studies of Barkema (1999) and Sargeant et al. (2001) bovine milk, and it is possible that the CRP in colostrum and milk arise either from passive 256 transfer from the circulation, or from local production in the mammary gland. 257
The milk concentration of Hp, M-SAA3 and CRP when compared in composite milk samples 258 from the 22 cows showed significant correlations between samples (Table 1) . Although there 259 was a general similarity in the distribution of the 3 APP, small differences were also 260 observed, for example, CRP fell back to basal levels more rapidly (day 4) than M-SAA3 (day 261 5) and Hp (day 6). Median concentration in CRP showed a late (day 9) increase in 2 samples 262 which affected the median/range results. On a practical issue for application of the APP as 263 biomarkers of post-parturition stress in the mammary gland, the Hp ELISA being in-house-264 developed assay was more economical for analysis of all individual quarter samples, whereas 265 the M-SAA3 and CRP assays were limited to the composite samples. Extending the 266 investigation of individual quarter samples to all of the APP would be valuable especially to 267 assess their sensitivity and specificity for IMI and if multiplex immunoassay could be 268 developed to allow detection of all APP in one sample. The use of composite milk dilutes the 269 concentration of APP as seen here with the maximum Hp being over 800 µg/ml in quarter 270 milk and 350 µg/ml in composite milk. It is likely that the concentrations of M-SAA3 and 271 CRP in individual quarter samples would have been higher than the levels found in composite 272
milk. 273
Other milk APP have been identified as being high in colostrum and decrease in milk post 274 calving such as alpha-1 acid glycoprotein (Ceciliani et al. 2005) ,lactoferrin and transferrin 275 (Sanchez et al.1988 ). However to the best of our knowledge this is the first report of daily 276 variation in the levels of Hp, M-SAA 3 and CRP in colostrum and milk over the first 10 days 277 immediately after parturition. A recent report has demonstrated the variation in many low 278 abundance proteins of post-parturient milk using a proteomic approach (Zhang et al. 2015 ) 279 13 and demonstrated changes in haptoglobin and SAA1 and SAA3 (equivalent to M-SAA3 280 reported here) but CRP was not detected. 281
The finding that Hp, M-SAA3 and CRP are raised in colostrum and milk during the first few 282 days post calving, would mean that caution should be used in the interpretation of results in 283 using them for detecting IMI during this period in a dairy cow's cycle. However, APP assay 284 will be valuable for detecting new IMI in the periparturient period, after the first few days (4 the APP assays to a rapid measurement format will be required before they can be generally 295 used. Indeed a rapid test for any of the APP may be a better cow-side test for IMI than CMT 296 in detecting the host response to major-pathogen mastitis in the immediate postpartum period 297 (Dingwell et al. 2003) . 
